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DZNSITY NEAR TIIE FORWARD STAGNATION POINT OF 
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Doklady A.N. SSSR, Gidrornekhanika 
Tom 161, No. 2, 315 - 317, 
I z d a t e l ' s t v o  rrNAUKA1r, March 1965 

by A. V. Ivanov 

The o b j e c t  of t h i s  work is t o  determine t h e  dens i ty  n e a r  t h e  

forward s t a g n a t i o n  Fo in t  of 
r a r e f i e d  gas ,  thc. i n v e s t i g a t e d  models be ing  a sphe re  and a f l a t  d i s k  

of same diameter.  The th i ckness  of t h e  boundary l a y e r  is compared wi th  

3 b l u n t  body i n  a supersonic  flow of 

t he  measured th i ckness  of  t h e  shock wave, and i t  is  found 

i n c r e a s e s  more rp.pidly thnn t h e  former. On the  whole, t h e  r e s u l t s  of 
t h i s  work lead t o  a c o n t r a d i c t i o n  wi th  the  p o s s i b i l i t y  of e x i s t e n c e  of 
the  l fv i scous  l a y e r  regimerr advocated by Probstein.  

* * * 

The decrease i i i  dens i ty  of a supersonic  flow p a s t  a b l u n t  body 

l e a d s  t o  t h e  th i cken ing  of the bounfiary l a y e r  and of the  outgoing shock 

wave. 2-t l a t t e r s '  merr ing w i t h  one another  t h e r e  forms ahead of t he  body 

a uniform r eg ion  of nonisoentropic  flow. T h i s  r e g i o n * s  formation process  

and the mechanism of t h e  flow w i t h i n  i t  have hardly been exper imenta l ly  

i n v e s t i g a t e d  t o  di?.te. The de te rz in2 t ion  of d e n s i t y  nezr  t h e  forward s t a g -  

n a t i o n  p o i n t  of t he  b l u n t  body, conducted he re ,  allows t o  a s c e r t a i n  c e r t a i n  

c h m a c t e r i s t i c  p e c u l i a r i t i e s  o f  such r e g i a e ,  a n d , i s  poss ib ly  u s e f u l  at  
c o n s t r u c t i o n  of a model of flow. 

~~ 
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The ope ra t ion  wzs conducted i n  an ae rodynmic  tube of low den- 

s i t y  [l]. The z i r  was used a s  the  ope ra t ionn l  gas. The d e n s i t y  f i e l d s  

were ?.e-Lernined w i t h  the ;rid o f  the e l e c t r o n  sonde method [2J, based 

upon the  phenomenon o f  e l e c t m n  s c a t t e r i n g  from a col l iniatcd beam on 
gr.s molecules o r e s e n t  i n  t he  volume inves t iga t ed .  The basic components 

o f  the device an2 the  methoe. of conducting t h e  experiment were analogous 

t o  t h s e  descr ibed  i n  the Hurlbut work 

&tectoi* of e l e c t r o n s  c o n s t i t u t e d  1.5 lOo3rad. The dimension of t h e  

r e r i s t e r a d  e l e c t r o n  bean was by one order  less t han  t h e  th i ckness  of t h e  

coaprassed reFion a h e 4  o f  the s t r ea i i l i ned  body. The energy of the  e l e c -  

t ron  b e m  was 2.2 kev ?ad. i t  was so chosen, t h a t  t h e  e q u a l i t y  be assured  

between t h e  ze:n l e n g t h  of the f r e e  p i t h  of becam's e l e c t r o n s  i n  t h e  in- 
vest igzt2d.  aol.ume a n d  t he  d i s t snce  f r c n  t h e  e l e c t r o n  p n  t o  de t ec to r .  

[ 3 ] .  The angular  ape r tu re  of t h e  

- %  

Fig.  1 The f i e l d  of 
d e n s i t y  :.head o f  t he  

d i s k  

Yiy. 2. - The field of d e n s i t y  
?.head of the  sphere 

Since tha  a v a i l a b l e  gas flow w a s  axi-symmetric, t he  local d e n s i t y  
was determined w i t h  the  h e l p  of  a method, s i m i l a r l y  a p r l i e d  in shadow an2 
i n t e r e f e r o m e t e r  msasurements of density.  For  models we u t i l i z e d  a sphere,  
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r a d i u s  of both bodies ,  was 220. The c o x p r i s o n  of the d e n s i t y  i n  the  

i s o e n t r o p i c  c o r e o f  t h e  unperturbed i n c i d e n t  flow, obta ined  by measurements 

w i t h  tile he lp  of the e l e c t r o n  beam and computed by the  number M, r evea led  

::n en t i r i . l y  s a t i s f a c t o r y  agreement. 

The exner imenta l ly  determined d e n s i t y  f i e l d s  ahead of the  sphere  

a 6  of: the d i s k  a r e  p l o t t e d  i n  FiGs. lcvld 2. The d i s t a n c e  from the  a i s  r 
of the  flow is  ? l o t t e d  i n  o rd ina te s  and t h e  axial coorclinnte z of t h e  flow 

i n  Ebscissa ,  wi th  t h e  o r i g i n  o f  the a x i s  z being  respecti.ve3.y ?laced on t h e  

s u r f a c e  of t h e  d i s k  and st t h e  center  of t h e  sphere.  The va r ious  curves  

r e f e r  t o  d i f f e r e n t  vcxlues of dens i ty  r i ; t i o  p ( r ,  z) k . t  t h c  po in t  r, z 
t o  p w  i n  the i n c i d e n t  flow. 

the  d e c e l e r a t i o n  l i n e  is shown i n  Fig. 3 rmd 4. 
The v a r i a t i o n  of 6ens i ty  nhead of t h e  same d i s k  and sphere a long  

7- 

1. Fir-.  3. - d o - r i t ;  p r o f i l e  ;long the 
{ e c e i e r a t i o n  l i n e  f o r  the  d k k .  decc ld ra t ion  l i n e  for the  sphere.  
1 - exneriment;  2 - conputz.tion 1 - experiment;  2 - c o q u t a t i o n  

f t e r  I*iott-Smith: 3 - juqp i n  t h e  After  Matt-Smith; 3 -  jump i n  t h e  

11g. 4. - Densi ty  p r o f i l e  a lon r  t h e  

continuum contiuum 

The dashed curv3s represent  t k e  s t r u c t u r e  of t h e  d i r e c t  shock wave 

co.;puted accoF2ing t o  irlott-Smith theory  [4] . The s u p e r p o s i t i o r  of t hese  

curves  wi th  the  e 2 : p e r ~ e n t z . l  - was so e f f e c t e d  t h a t  coincidence is  obta ined  

between thrt o r d i n a t e  of Kott-Smith p r o f i l e  sero p o i n t  wi th  FI c e r t a i n  p o i n t  

z of the exTerimenta1 p r o f i l e .  The d i s t a c e  from t h e  thus  found po in t  5 
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t o  t he  forward s t q p a t i o n  p o i n t  of t he  body r e s u l t e d  co inc id ing  wi th  

the  con t inua l  s e t t i n g  o f f  the  jump i n  the  case  of t h e  d i s k ,  and d i f f e r -  

i n s  from t h e  1 - t t e r  f o r  the sphere.  

I n  case of a d i s k  behind an outgoing shock wave, t h e r e  e x i s t s  

a ra th .e r  extended r e r i m ,  i3  which the  d e n s i t y  varies  very  i n s i p i f i c a n t l y  

t o  t.he body i t s e l f  2nd co inc ides  wi th in  t h e  exger inent  p r e c i s i o n  lisits 
wi th  its corr.:-;uted v::lue behind a d i r e c t  jump f o r  a c o n t i n u a l  flow. T h i s  

re:;ult  shows, t h a t  the  c o n d i t i o m  of flow near  the  d i s k  are nea r ly  con t i -  

nu21 : a d  i t  sl lows t o  c a l c u l a t e  the  th i ckness  of t he  laminar boundary 

l r - y e r  i n  t h e  v i c i n i t ;  ~f t he  forward stc.gnztt_ion po in t  w i th  t h e  h e l p  of 
rret::oi;s worked out  f o r  t he  continuum L5]. For the  case of h e a t - i s o l a t e d  

s u r  ' .ace, which corrc+ -7onded e p r o x i m t e l y  t o  cond i t ions  having tfiken 

Pl,-.ce i n  tile experiments,  t he  co::.;?utntion vxlue of  t h e  boundary l a y e r  

t h i c k n e s s  vias found t o  be 

t h e  czse  of flow pzs t  7. sFhere,  gc.ve 

8 -  0.44 mm. 1:a analogous e s t ima te ,  made for 
6 = 0.22 mm. 

Compzrisor, of t he  thus  deternined th i ckness  of  t he  boundary l a y e r  

wi th  the  e::Terimentally measured th i ckness  of the shock wave s h o w ,  t h a t  

t he  l : , t t e r  i n c r e a s e s  more r a p i d l y  t h m  t h e  former. It the  same time, t h e  

th i ckness  of  thl;. shock wave i s  s i 5 n i f i c s n t l y  n e a r e r  the l e n g t h  o f  t h e  

f r e e  r z t h  of !iiolecu.les iz the  inc iden t  flow l , ( i n  our cond i t ions  x,=1 mm), 
t k t n  t?i.e lerigth o f  the f r e e  p;:.th of As behind t h e  jump ( As = 2m), as 
it v i s  mr;ui!ied i n  [ 6 ] .  Therefore,  the  r e s u l t s  of t he  c u r r e n t  i n v e s t i g a t i o n  

lead t o  a contr<:<ict ion with t h e  p o s s i b i l i t y  of ex i s t ence  of llviscous 
l a y e r  regime", in t roduced  '2;. Frobs te in .  

Th.2 2xthor e;:presacs h i s  g r a t i t u d e  t o  G. I. Pet rov  f o r  h i 3  

supgor t  an6 cons tan t  i n t e r e s t  i n  t he  work, snd to V. S. iivduyevskiy and 

V .  li. SuKinev for t h e i r  counsel  i n  the course of i t s  r e a l i z a t i o n .  
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